Optical communication in ultra violet band by Golubev, Martin
VYSOKÉ UČENÍ TECHNICKÉ V BRNĚ
BRNO UNIVERSITY OF TECHNOLOGY
FAKULTA ELEKTROTECHNIKY A KOMUNIKAČNÍCH
TECHNOLOGIÍ
ÚSTAV RADIOELEKTRONIKY
FACULTY OF ELECTRICAL ENGINEERING AND COMMUNICATION
DEPARTMENT OF RADIO ELECTRONICS
OPTICKÁ KOMUNIKACE V ULTRA FIALOVÉM
PÁSMU
OPTICAL COMMUNICATION IN ULTRA VIOLET BAND
BAKALÁŘSKÁ PRÁCE
BACHELOR'S THESIS
AUTOR PRÁCE MARTIN GOLUBEV
AUTHOR
VEDOUCÍ PRÁCE Ing. JURAJ POLIAK
SUPERVISOR
BRNO 2012
VYSOKÉ UČENÍ
TECHNICKÉ V BRNĚ
Fakulta elektrotechniky 
a komunikačních technologií
Ústav radioelektroniky
Bakalářská práce
bakalářský studijní obor
Elektronika a sdělovací technika
Student: Martin Golubev ID: 125216
Ročník: 3 Akademický rok: 2011/2012
NÁZEV TÉMATU:
Optická komunikace v ultra fialovém pásmu
POKYNY PRO VYPRACOVÁNÍ:
Seznamte se s koncepcí optických spojů využívajících UV oblast záření (UV NLOS communication). 
Popište detailně interakci atmosférického přenosového prostředí s UV svazkem. Podrobně objasněte
účinky UV záření na živé organismy. Navrhněte spoj UV NLOS. Popište jednotlivé komponenty
komunikačního systému. Vytvořte program, který po zadání vstupních parametrů optického spoje a
atmosféry vykreslí energetickou bilanci optického spoje.
DOPORUČENÁ LITERATURA:
[1] MORIARTY, D., HOMBS, B. , System design of tactical communications with solar blind ultraviolet
non line-of-sight systems, In Military Communications Conference MILCOM 2009, 2009, p.1-7.
[2] WANG JUNLIANG, LUO TING, DAI MENG, TIAN YANFANG, UV NLOS Communications
atmospheric channel model and its performance analysis, In Computer Science and Information
Engineering 2009 WRI World Congress, 2009, p.85-88.
Termín zadání: 6.2.2012 Termín odevzdání: 25.5.2012
Vedoucí práce: Ing. Juraj Poliak
Konzultanti bakalářské práce:
prof. Dr. Ing. Zbyněk Raida
Předseda oborové rady
UPOZORNĚNÍ:
Autor bakalářské práce nesmí při vytváření bakalářské práce porušit autorská práva třetích osob, zejména nesmí
zasahovat nedovoleným způsobem do cizích autorských práv osobnostních a musí si být plně vědom následků
porušení ustanovení § 11 a následujících autorského zákona č. 121/2000 Sb., včetně možných trestněprávních
důsledků vyplývajících z ustanovení části druhé, hlavy VI. díl 4 Trestního zákoníku č.40/2009 Sb.

  	
	  	    	      
  
  


 !	"
	#    "#$  ""  #    #%  &    
  

	"'	
# (	#)'#*!	

%+# ,-
	"
*!./0,		% "	  
 
	
	
0    "$    
  
$  /12$  )$  #$
$)'#$	" 

3#+
++14 53
      $          2     
# 
+++ ,
+-*!./0,+
 

6$$/12$$+$$
$
	
70/*81!$- 	
	

89!#'8$
6#'+$:;<: => !	
	5+ 
("& 
	

&"$%	
	0		
"  #         	
 	      %  
#'"$"#	#	#
#	 
(  	
 	 	 "$  %  #

	
	"		
$""	
     	   ? "  @"    
	A<<	"	' <:<?:;;;, $	$
	"		B	C$
"
$ ' % 	#"   '	
$#!5 =	' =;?:;;D, 
!8                                                                  
BC


2"	
	+ ("&)'$++
#
		
	 
!8                                                                  
BC


	

	
		
	
	
	 !"#$%&	
 '('!#")*+,
-#".,#.$
	/.$
0"!1'23.
-(.".(!4
5,.64
	784
589
5.13.9
:1$
21(!;".$		
4<).'2</
=	
4>+1(.").(!	
4	0"!)	?
9 6
/,	
=1.$3@
-(!)$4
>,+#"32</
=.'4
A=$.!8@1..!B,@9
C=$.!++)6@.'2</
=

	


	


31D0.8(!.,,$E(1"1%	&

31	D='##E(1"1%	&4

31D:1$##E(1"1%	&4

31DC)3E(1"1%	&4

31D 31!!1E(1"1%	&9

314D56#.1,%	&9

319D
+)%	&9

31D/.6E(1"1%	4&

31?DF).@8E(1"1%	&?

31D8+'%	?&

31D/E(1"1%	?&

31	D0.,.,E(1"1%&

31D08$GHGE(1"1%&

31D=!1..1.1<AI011!J	I	9KE(1"1
%9&

31DL,@,.%&9

314D58M636%	&9

319D.1!).(!+.1

31D:16!,)@1$@)$,1?
31?D,.)JK	
31	D,.)J	K	
31	D,,)	

31		D#$1(!;,NE(1"1%&	
31	D=)".'</
=E(1"1%4&	
31	D,M!(!	
31	D$.!!+1..1.	4
31	4D$.!!+1..3"$).	4
31	9DA$).1..$.!!+,	9
31	D(3!;!31,	9+$OO	9
31	?D-('++1..1.	
31D-('++1..868,	?
31D-(!"3").'
	
	


	

P3,DQ$,1?
P3,	DQ$,E0@%4&?
P3,D:16!2.		
P3,D-)..8)..R	

	



M!36E$'.$.!!).E(!3!$3$.
)$.'"1. ,;! ,#! 1(!1!$,;!'!! ,#.
.-1.,'.,(3;"-,'.1.8(,
PQ1E;,;N,'.66M!M!(,.E;'.1$!,,!$,;!'!!)FQ1

  .$,'  M"  .,  ;.!  -  (!"  .'!  .+)  .  1  $,;!
8#"  .'  J7:KE  "  '.,  .6"  J/
=K  -,  '  (3  +  .E  ,;!  .
,8+.'J2K28"6!'.8"!E;.!$1$,,)
1,),;M!(!8,.1,E1+!..,5!$"..@;6
S1)SJ</
=K<+),,8")1(!'.;"61(!>M
),3,"!""$!)+,1!M.

	


 
 

.,'")1(!.1!+$E'
'.,##$1E3)$ !$$##'.,.'"1$"J31	KE"
'.,  1"  (!  1  ),  # ., 5M!  ' ,8!E  ,;!    5
131!)  .$.") 5  R.,'  (!  $E  .E  .8"   )
M!)T++M!+>.)!##')3E
$'"""$J3$K'.,$)$$@1+).6@

	


	


<31,'.,6@1")."1.'"""$
 .6!ER!!U.,1';.6,E$'B'6
36,=$,;!V"1!.+)!%		&<31,'6
(63111 M!$1'6#.1,J314KE+#.
.,!)")+,,.!13$1!
4

 !"##	
$
%"##	
&
'()	
	



+)J319K13!".6'"3$.E31
'+)3@;$(3!".6
618,,'32),';,!E
(!6##.';,!'
<$'@;6'M!')),E0;".(!)1,'!
,#"..E.1'!$)..6P';;".(!'E;1@.3,'
.1,J31K0;".(!')1R,"+..#!'
9
*
+"),
$
-
./#&
0
1("*
	


!$)..6,, $)..6".(!  J		K),.,#!
!=1
"."	.  J	K
"


J		K
	
 )),'1J	K8,J	K
	

	

		
	 	
 E J	K
( ) ( ) ( ) ( ) ( )WE R 	 R 	
	
   2  !   2  !  pi pi = ⋅ ⋅ ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ ⋅ 
E J	K
  '  /@  E    8,E  $).  .6    ,,E 234 R!
,1 E 56 B)$).81,E  #. 6)11!.8!
Q)1,
 		2   E J	K
'"#!.

	





 J	4K
-.8",,'(M!Q)1$

7
8)/
-
&
	


2  
9

R !  E J	9K
:  
9	
 	
E J	K
'1.#,E:341E'(!B6,)"61.
%&
.,''$88586!.,
,)8,Q1'8:$)1.!J	?K .@)
'1;(,E;'!!'$.3,!8,!3;4M!(!.
"  .,    .$  R  ,)8@  )  .,'  @)  .6
,,  1  (,E  ;  '!!    '  .3  ,!  8,!    .  ,;!
,)8$RM!(!.6".,1,%&
78,'.8#!!
::  : 	 : : 	

	.  E J	?K
:	 : '.,1$'+).1@X''')81+1!P(!E;(
.$,,J3!K.,'+.8,.,#M)+)
8,! U, 8.$,;!8) U., "(!.'E "!
6#.1,16!.,!,,.6@P$6$,1!.'""1.
-!1.,6".'!6# .1,<.,'1
'')  .,1  <'16'M!  $$  8@  '.,D  F)@I ),@E  F).@
J31?KE=@.,.M!)%&
5!$",),,';"1".'$)E,1
1;,$($'.,#)+)'"".,.$
$),,@;,#'.,1@'")"$E
1+).$).%&
?
<
=(">")7
	


5@;+ (M!"     (!  R!  $  '  E    .  1+
   
+  + ,..  .1,  '  .,.(6  B1")  ,;    
16".6M!(!$',)6.$,,...,8,!.
R7  ..1,J. 1K 0' .1, ' 8+."  1$
),7Y	1.'.1,.$.(!M!(.1,.1#!?34<',;M!
!.,...1,.1+#E6'M!(.1,?'M!%	&%&
  
!	
"1(!.M!(!,,1'1+)+)E
$")$") =6' $"1(!E  ');M!(! '
.FRZ+ '.,,$FRZ$)"
.6M!(!!.!E)!E1!E.1!.(!311'@%&
 !
 !

 
J	K


4

?


9



E J	K
-. F1(!1M,'@1",)$.(! 2 !).(!
1.!16,1$")2.1!).(!
'1").,;)!.(!'1)11
  1$  ")    1.!    .+)  .,(!)    1!
.(!'1)111$")1.+
.6,,1$%&
,  ,  '.,    .$  '$  3.E  8E  8  
.1E"3,,13$I-(.".(!

)$
"

,,
	


" #	
P#.$''M! ',".!>3.E;
(8+'J31K3$;"$.616)$1+)1@
8$1$5M!@!"3.3$FR-E+.1(!#")6.' 
6'-.(
+  '  .,'  8.E  6'  (  "    3.3,'  '!!
"1(!E;1@.3!@"
@)	(A E J		K
)').6.E$)..6,,E(-.E68
8,EA,-.EBB)8C"
A
(
	


	
 



 J	K
U  ';  1  !  8    .  13+  8$  $  (!    .,$
!)  !)  #.  1"  3.$ F'!  #,  ;.    #+
#.  1, <'!  ;+  +  3' 1'!    1'!  (  !)E  '  '
8+'M)"1(!'8$E8'$'M!
6";.!%	&

	
1! 
<
	


$ %	&'(	)*"+
 	C''M!1.,3@..',81!
 '8E'M!(.,D66R!
)$E131
 	 	,#,'$).M!(!)..',81!
 !	 	,#,'E'$)3,(.!6!
E
,

,
ω
=
J	K
 	''@;6'M!"$.)6(!E1
,..@.1%&
:    : 
?
?   

	
R 
		
?	 
 J	K
 		
#, ? 
 E J	4K
1. ?   
?

 J	9K
 " ![.(,.1,JFFK1@.')6(3;66.
.,!$(!,;.)+B)	\%4&
 
	




	?
J	K
 #! 	 	 ' 1.  . '6M!1(! 'M!6
(.
 

? 	

J	?K
 	 [1'.,..6!$)1'!!)3,]1,@1+)!.),
1(!!)6.J.)KE36!$)1'!!)1')!.EM.
,#+#.+.,J#.)K
	
	


%,-,&
('./	
 0('()
<'1M!(6'M!1'Y('!#")1(!'.,/5$J31KUI
''!()1',.".6,E,')!1(!E');"1.!
,;",.'!)6!0;",",,R.,'
')  +    J R  8KE    '  '    #  J,K
)1 '!!++   .'6  ' 81. $,;!'! (!
8+'<.68.',>).,'.#

.6!.M1,'16").6,I.'!+, M!$
8$'8E;'+8-,'16;,E
R"6$.+1.E.,;!#!!'+)8@5M!$$'-7<
E13.-<;,3.1")#.81.,
'(!B6').6! <1! .")1.,E ')!
(!31+,E,81.,')!(!.6!,E',;'
(! B6 .  , $$.   .'" ..  '  $$.E  (!!  .  M
,)E+3;').6!5M!"6@;.,#.'8.3#E.!;
';".3".$ M!(!8.3#'.#!U
  1(!1!  .)"    1,'!!  1(!  71,'!!  1(!  '!!      
1@.3,'E;$$.,,'!$MM!,),E(!6,M!<.6
.M! 16 @! ,), ='  M$1(! 36.6
")  .+ P$#!! ") +, $1(,'E  !!  !)
1(!.)1!')!

		
8,,,<
	


 1)
/.J31	KE3+.'1')!)")1(!=
.11#!)")1.#E');+.,!..16,13,!181+
16.,1,>3$M..,#6$)!1(!E,.!')!
.(!.6.E;6!$-!'E;1.1.#,.!3+6M!E;
B, 16" 13$ 5,)  !  'E  ;    16  81  (  '36), ,.!  3+
#!.+.3	^P$!$M1.,16#@E+)
.1,'
 .!!..),'.,,.!!)E3,!).$.")(
@)) 1  +  )  .  1! 3.1! 08  1.!! ")
.,..#!D
 G  G 
	

 
E  E JK
G';),.1!)3.1!)EH3I4'8!@(1(),E3
.!)(),E E3I4 8,,.!#$(),E C".(!-
.,+81.!!!1)D



E J	K
 J3I4 '.,#!),.8"),E J ),.8"),0881")
.,,E3/1@#$.D



 E JK
13'.N,'31

	
"$
	$
" 
6D6	
	



1613..),',!.6!!).(!")1,7
1)1!1JK16681E'",#!.,%&

	


 JK
)	) 
)	

	,
 

%
 
)

	,
 

%	

JK
 2	'	&,3
/.<DL>EM".,+)"E';,;!<..1'!
,'!!#"E3")"P)$,'1(!+)"	44E.
	    -  ;,  ,  ",  R.,'  $"  +.,!  1       #,
),J<AI0K$3!(!8P)3.%9&5M!.'.0,'!!
""	P.1<AIQ".#.P)3.%&-.!
' .>R,'!! . (! ),"")1(!")
!.'11!J	I	K

81
_

_

'.,1$1
:

:
	
'.,1.1
_

'+81
_
.
'81.3!
	&
 ",,GK	L&)3*7L 
0&4")0
	


"0-	'-&
" 45
-',  .  + M" )$E '!  . ',' , #.  . , ).!E
(M!,#.!)E$8@PE;.)!8@1,#+).!
.'"6! '$1.',#.3'?>3
.E;,1!1@.3.3'.8+'J31K
`.,),.663'.N,'E(!E;8'.6
#..,,,).!)$3,'!! .1.1;".,(".,.6
$).! 1),		11)$)..6".(!D


"
E JK
'$)..6,,"R,,1),		1$'(8,
'
@
(
	


(
M
(  E J	K
)$3.8,!.,'!!1)
! ! E JK
A',.J1	K ! '+J1	4K
,),.63'.N,'!'$88E".','!M"
"1(!'.,.$!;"
" 6	7	
/1'1(!+"3,36E'.,6@1"3$E"1'!
.,!.,!8!78!."13+C).Q,$.
498  .6  '6!  8, .,'!! 1D M)$3$ M
.,;!  ' 3" 1'  .,!) ,+) )[   6'"#. H  3, ,
),)$#)6.,!)58R,E
'6  $).  .6  ,,   $).  .6  ".(!  J		K 5M! .
8!13+3$P).L,E+'1.+8#! ,.E$1
1L,@8#!31J31KE'.,116R"
1$ 1@.3.,!  .,!  8!  78  ' $,;! 
(.",6(!"$E3""16$!8#!),;@1(!1!)1+)
8  78@  R.,' )  ,)@E  '16'M!  ' F).@  8
J31?K
4
	


" 47
58.,.! . , ! .6 =6 1M63,$(! 8#! 31 .
!R.,!R3,.)58!'.,,)$E.
  ,)8  .  8  1,  1,  '  8,  )$    6  .  
#"1.18#!.!!,)881,1;!1$
'8,.6@P'@;"(.,,131!+.,.Q16
3.':$$)1.J	?K
"" 4
UR.,'+#.,+ER.,'".(!E 
"  3$  )1    1 
36  '  1E  ;  1   .     P  '
1@.3  !E  ;  .  3.3,'  ,8"    8#"  1(!E  ,M!  ,1  .6  1
"#..0;".(!')1.'!.,.3,D
""N !"N N E JK
 ab'.;.,.3$ abb''!!.;08R'.'6'
R,1.+8")1(!/1)10.+)I0+)
1)@E".,'!,!.;,.,.3$D
"N
	


#

$
"N N   
		
, E JK
"N N
	


#

$
"N   
		
, E J4K
9
	*
O"E>
$	
	-
."P/"/$
	


'".1)!).(!E,8RQR,"
""
"N
	"
E J9K

 "
N N
"
E JK
RBS'"#!.,,"'R,3.3,'!!).(!
 	    ' 1!6 ) 3 0 ,  ',
)1!6@..1U@1+#.+1;6!'+)+)
"E 1@.3+8#! 1..!  R, , 
319.,'16,3$!
,1,@),.1!.(!T'3!$."),1,Ec1'3!");
,1,1.%&
"$ 8)
0,#!$,1$,.,;!1J?K3,'.,,$)$
,1'"#.#6,;!"""$
31,1,'
16!,)@1$@)$,1-1..#!D

	


E J?K
 '6#.C"1(! -,8,3..''@;6'M!
:$)@  1$E  (!6 F@  1$ :$)@  1$  1    #.!) )
M!)E  ;  '    "  1(! JddeKU <  ,8"  1(!  '  $+  1$  
,)1,), -;1..8" ! .E  . .)$3,'E )1! 
8,,!),.$1,), P1(#N,'1 ,3,!)3,6F@1$ 
6M!)#.!);'.,,$1,),U(M!.)E$1E3
)!   JeK 5  R.,'!  'M6 :@  1$  1'!!  !  8@  .  8$ >
C@  1$  1'!!  !  1(!  .  $.,  !  .  ,  (,  $  .
!1++#!.$$6!.6E1!.'')"%4&

	0
V,"(,"1
	


5M!',...8"$E,,A@I/3@1D
%  8
:   8
: 	 E
8 E JK
 T3C4 ',...8"$,", CE :	3C84 11. 8E
:3C4$1(1W3C4R#!8E+...6D
) ) E JK
Q)Q'.,8$3.,).)EX)X'.,8$1$,
,)    .) <'@;6'M!  $  '., X  X)E  ; 6   ,)
1,),E'',!ME1:$)@1$E(!6F@1$E"'.,
,3..'@;6'M!-$XX)1R1)$D
 
E?	
V
 ")
Y
E J	K
)

"		
=

4	
49	
E JK
V'.,)C")'"1(!,
)E C  "  )E = # ,   ', 3',E " R  ,
.(!E f '1#!8E'.I f gE- Y ,#,'0@
3,$	%4&%&
?
M	
Z,"),)"
)( 
59:
;
	
 "<	
 ==	
 ><	

	
     
 



 !


	?
 " "# 
  # $ 
    
  "  
  ""  
	7
%,/",(>>,(,"),)"
M
Z,"))>),-
 %&' (!	!!)&'
# )*
" #+)+
#,)-" +)+#
) +)+
 )+
	


08$ Q)  Q '.,13",,8")1(!3!)(M!1"
.6E ;  ' #. ..8"$+M 	I@ 1.+) -( 1!
,$.!3.3<,8#..1(!=,'.6
3.3E (M!.,2CE!$#,;'!1+M,1!E ;,;N,'
$.!;M!"+$21.")),..)1!(!1!1E');+.$'
M1)+$.$,'.!1+)!) '.,,$8$1..
hg8JeKEhg8JKEhg8JeK.#!"1@	 ..'.,1"
#6,;!"""$J3,K-#,1,),3$16%&
.Fg	EW	

31  ?  ,1,'  1..  B,,    .)    $3"  )$  +)
.!.,,8+)+)"<31,	'1161..B,,
  .)   " .   , ",  	   Q$ B,, 
.)'.,,8"3.13",,)1.!,1"
"E,1..131,'31	,,)'6M!E;.)E;
",8")1(!'3;M!16@,1,),-(.1.),'B,
13+))
	
	<
[)"(3	4
	


	

[)"(34
	
[)")(
	


$ 3-	&	@'!	
)
28#...16,'(#.E2>E2A2CR.,'!
1M!6)#.!-(.,,;!).(!#.,;!
16!3,$
U';3$1!6E1(!2C'.8",1)5!$
,.,,",M!>M,),.,1(!'6)1
3")@,P$""$.';3!;!+"")1(!E"
.,.,'1,8+U;16..!1(!'.'$1,'
1(!!61,'!!..E,.).)16,M'E'.
$!1(!2C1(!.!!1,1,.8"(E$,+
,$.!,.,E3$)$1,(!",$2A
1(!'#.#6)1,.,E2>)1!1.+)"6(166
2>2A.'!;131#"E;$M1;!$.!"+,i
06 1" .$  '  '.,  ;!!  "  )6!  .!  `! M!
#6'E!!,3.),'')@;!!')6(B#$,8")
1(!<,),.,$..,8",1(!'"1!.6M"E3j.
@;!$6,.$1,'5%	&
		
M$
%,/"2V)
 
e%&
 
.)/  "
.)0 " 
.)1  
	


	

[#"""\]	$
	


=A,3A1
=B	/-	'-&
-1#'(366'+</
=.'.68,,'U';3$(#+M
</
=1E;1$.!#('!#!(!. A;M!  .    31,
	Pk'$.!#E:k('!#E1.1$ll	'.,B)$)E"
'#!.!E;'.,.$B)$$ $.!#$)1!..!B)
\ 3.E,+.('!#J88ZZKE,,B) \	-
</
=,.@;.'Pk:k(.(!
-E3$3$;"),8,,'!!.'',"1+"6$<'6M!
,</
=.'B,M!(!5!$.!,1$,,)
.8"(.),'B,M!(!);	AE;1#61,'.)").' 
U!',1..B,,M!(!QV^ 1.)@1"B)$
J31	K.#!"14
V^&
' E J4K
0_ '1)..8E 1.)`)..RQ$_ ` .,#,'!
!3,$
 ..  ' $#!  1.  ; E $B,M!(!.),' 	A B)
m
	
$
 ()!G8 	-
M&
^((;""
22 22 "2"2 22
3 "#4- ""4- 54-# #4-5
6 #$ " $ "5
7

7

	


-(3++$.!#.,#!!1),D
^M
(V^%(
)
E J4	K
 a '@6+#8@,;#").,E+.,#!!1),4[ QV^ 'B,
M!(!%I&E :3 3$).%3Y.&E ( -.E 6 8J	K b 'B#.
8,%n&
K@%

	
R( E J4K
A:')$3.J3K<.,'81..$.!!)+,E,")
AE1.(1)!,#+).P$'.,bg4nE:3g43Y.A:gI
=1$M,'!!.1.!$.!#R6.(3++J31	K "
.$3$$,#$E3$)+.'),#"8,A$).43Y.
)$3.I'.,.#"(!).".'!##++(.(!
,.R.@;3++)"(!!@1+)3+)$).! 
@1";$(.<31,	4'131;+$.!#@1"
3"$)...!+M,+).1.UN'
31,  	9  116  #  1..E  $  1..  3"  $).    +,  $.!#
M)$.,'!!1...,'!1,".$
	
&
[)P")
	


	4
*
V1"","
-
V1""(
	


	9
0
K(")1"
7
\"01",	)c,	)c
	


5  '  (3  $1  1..  +,  '!!)    !  ),  ('!#
-('!++..#!1),D
^%
)^M
V^
 J4K
U!'31,	,1..('!")+,1.$.!#=
1.! ('+ +R6 . 061+M! +,$.!#E ; 3$)
(".  1!  1  ' ;"  .),  M!)  ++)  6@    .6  ('!#
1(1!  8.3#  <  31,  	?  '  ,  1..  ('")  +,    B#.
8.3#E   .36;6)$3,'n=.,! B#.! R6. BN
('")+,%4&%9&%&
	
<
^!11"","
	


= 2	'	&	
 !8.,...++1.1,'B,M!(!
J4KC+B,.1,E#6B,,,).)..#!D
&
' E J4K
X'8B,,%I&>MB,,,).).,!;
(,1.6M!;'1),E;.13+
.',1.'1)J4K1.#,'!!
,$@1)$.!#('!#'.,',)..$AE;
!R.)+)
 .('!!86E(!68.3#'1)
^ 	 
.%d9
.Md9
 E J44K
5:k> '@6('!!##$%&E5Pk> '@6$.!!##$%&R'@6
$.!!##$	IE(!'!!,'6M!E.N
  (!1  '  ,  1'+  o  E  +  3$  $(  .,'!!
3U1,;.'!.B)$mE1.	E.$.!!
	?
$
^!11""/,
	


+OE@6('!!,$@6$.!!,$	
U'6131,E('++'1IEA;'9	E9?O;'!1
6;)UM(3.,6E;,;,,",	.,
1.")),$.$,' $	 $('+.'#.+E6+
;+M,1!U"E#!'.'+'+M,,;"$E
M6.!.1P!.'3$$6.)3"$).	3.
P'1.#,'!!).".'!,.#+(.1$%4&%4&
%9&%&
<.6M/5,@,8,3..$3!""$;
E 1,;+)	! 3! "6(; U"! 1' . @;
,;!OII	JK.#.C).5=%&P
!,9>E"6+O;'6,1"-!+@
,+),3$.#)"6E,3$(36;3
3!)8,3$.)<!M!361'!)1'@
''.,8#E 3$,;!!1") ',( )$3,63$6
.;+3".,(3");.!5E+1,6).'@
3!)!)')6'M!.%&

$	
^,"E"(!
	


C %5
"3(."'.,.$1!)$3.$@1""'$E
"$3..,'!U'1'!)('!#!)")+,<)1!.1
"!..8"")(.").(!E'),".1$'@E"
1),15M!,',8")1(!;".$<'
13).8"").'</
=#6.,!++)6@'$.!#
('!#2.'!')"(M!E11'.(!,.1
$.!#('!#P$(!,.,'6!O5M!;.!'
'!,.J8@K(.,)A,)E(!
  !  1    1.  ;  E  ;  3$  3$  .#,'!!    8$E  "  .!!  
1)+))

	


1
%& =>/QEA>E P7CQEFC $8$-)SF>PL -:==-)E ?? 
7=A<I4II4
%	& O7/:PE 
  -(M"  1    (6, F0  %&  %  		9& 
5.,+1OOOD).DYYZZZ,31YY,.YZ)pg	94
%& O7/:PE
",AD0P2PA
%& O7/:PE

AD0P2PAE		7=A<I	I?	I
%& 7Pq=0EUF6(!1;!"1$1"1o6AD$.",#! 
)"A6E,)$,#!))!E	??.,!
"8
O8EC=
%4& 5
:5
qE/F.!)..8"")(.").(! 
"3..AD$.",#!)"A6E,)$ 
,#!))!E	?9.,!.#!8
O8E
C=
%9& P)3.%& \S<DL>/./F.% 		&5.,+1OOOD 
)DYYZZZ)3.YZ,?8p3',rg9?
%& P)3.%&R/.F.D>E0Ek%		&5.,+1
OOOD)DYYZZZ)3.Y<Z,-?8p
3',r75g
%?& Q>//75>LE5E :=<7C0E:E O>/0:EU $1 AD <.!2P72F   
7=A<I	I4I
%&  2E/.A.)>.)<ZLDC.,.A,,E?	E     
7=A<I4I?49I
%& --)$..%&>b.,3)..8,
%  			&  5.,+  1  OOOD 
)DYYZZZ)$..YY,r??)prgs,rg
%	& /2C>=E:EFCF7CQ>/EPE=F7PQEOE>PF=P:
<EAE=,
DO))1E	47=A<?	II?I
%& >:Ct>E=7A..8A
.=D2.C3E	
%& F
:7>:PLE5EQ
FA=EAE=$..8,.Z).3
,I8I.).$..E7F$C,.C8F7/C
F
	?EI9
%& O><  U2/7><E  /2
  P7<E  5>7  F<E  P7><  L><><E  2  </
= 
C,.)).8$..E7C,, 
=78	?O:7OC..E	?EI
%4& u2<<QE Q<L2><k2E=>5/:EAFE<II8I.)= :$ 
/8
O..C,.EP)	F$C,.C8
	
	


%9& uQE k2EAF=ES-88II8I.)/5I3.,
,.ESU@;EF$	J..K
%& C)E k,EQ5EAF=ES-)..8I88
.,$8.)III8I.) ,8 ,.ES
 R.. %&JKE 
?	?I?J	?K
%?& A: 
A
Q>PvEUE F2=7/E E A>U:E >E A
2w0E UE -:
0
-E : " 
.,#.$AD0P2PA
%	& -'>%&F;"(!,$$%	&5.,+1
OOOD)DYY8'8,1Y.Y.83Y4)
%	& O%&/.J.K%	&5.,+1OOOD
)DYYZYZY/.rJ.K
%		& O%& %	&5.,+1OOOD
)DYY.ZYZY 
%	& xyzy{|y}yzy~|y%&xyzy{|{yD|*%	&5.,+1
OOOD)DYY81.$..3.Y	Y?Y3I.r	)
%	& O%&A.%	&5.,+1OOOD
)DYY.ZYZYAr.
%	& O%&
+)%	&5.,+1OOOD
)DYY.ZYZY
nCnA5r)
%	4& M%&
1.%		&5.,+1OOOD
)DYYZZZ..Yprgsg4?
%	9& O%&}*|{*|%	&5.,+1OOOD
)DYY,ZYZYn5n?n5nA5
n5n	n5nAn5nn5nn5nAn5nn5nAn5nAC
n5nAn5n	n5nrn5n?Cn5nAn5nA?n5nA>n5nAn5nAA
n5nCn5nn5nAn5nA5n5nA
%	& O%&x**}}{%		9&5.,+1OOOD
)DYY,ZYZYn5n>n5nAn5n	n5nAn5n5
n5nn5nn5nAn5nA>n5n	
%	?& O%&/)I%	&5.,+1OOOD
)DYYZYZY/)Ir
%& O%&/.%		&5.,+1 OOOD
)DYY.ZYZY/.
%& O%&	
%			&5.,+1OOOD
)DYYZYZYn5n>>n5n>Cn5nAn5n>n5n>?r
n5nAn5?n	n5?n>rn5?n>n5?nn5?n4n5nA>
%	& ..%&O.%			&5.,+1OOOD
)DYYZZZ..YZ)
%& C).5=%&OII	%			&5.,+1OOOD
)DYYZZZ)..Y.Y,r8)Y-)Y4Y
,.rY
%& />=:	%&52/..			%			&5.,+1
OOOD)DYYZZZ.	8Y8Y-,Y-=LY53Y-=Lr52I
/.r8

	


	
)

_ 1
_ 83..)
_ 11
_ 83.,)
_ +81
_. 81.3!
h +81$,
h 81$,.)
h 81$,,)
 $)..6".(!
 $)..6,,
 
 ,
\ ),.8"),
\. .,#!),.8"),
X 81+1!
 8,,.!#$(),
 8R
 81.!!").,
-
= 1.('!!".,.6
. .,+81.!!
) -.
 ,-.
a R!.,.3
ab #.R!.,.3$
abb !#.R!.,.3$
7 1
7: 8J8#K
' !'
 "#!.
 "#!.,,
/5 )
/
= 8.)J(!.K

	


e "
F #,',3',
 3,
< 3..,.!
</
= 8.)J(!.K
 R,
 R,3.3,'!!).(!
 8
 @
 B)$).81,
- 3..6,.!
-7< .3.!1")#13.-<
!p )$3.8,
: 1.1
 8!@(1(),
 #.
. 3.!)(),
c ,...8"$
 B)
2 ,J,8+K
2JK R!,1
, 8,
 .
Z M!(.1,#,
 ,$).
Z1 M!(.1,
1 1.#,
1 :$$)1.
5 '16+.

	


0-&)
B #	/(	!'	3A1,
8,%-&gJEE-E5RE5RK
nI,)%m&[I1.$.I'%&[-I$.
n$%O&[5RI,'$%&[5RI,$.
n$%&[
8Pk>g[
.g%444?&[n)..8
g%?4?9??9	??&[n)..R
8:k>g[
8gg
.$g.JK[
.gJK[
.8gg	
.$g.J	K[
.gJ	K[
.8gg
.$g.JK[
.gJK[
.8gg
.$g.JK[
.gJK[
..JbP)SSbK[

8-gWJ.$WJJ.KKK[
4
	


-AgWJ-K[
1g	WJ5RY5RK[
3	g-AI8Pk>[
3g3	I8-[
3g31[
3g3I8:k>[
-gJ3YK[
8,JK[
RgD[
$g%-A3	333&[
JRE$K[
Jb3</
=.'bK[
$3Jb$%A&bK[
JbIPk>E	I,1EI.EI1.EI:k>bK[
D )	&!7&E

[
[
.[
3gI?DI?DI?[
nn,,.)
g9[
	g[
g	[
g[
$g1.JE)J3KK[
9
	


$	g1.JE)J3KK[
$g1.JE)J3KK[
$g1.JE)J3KK[
8gD)J3K
3>gJJ?	YKWJJ3JKYKJIKKKY	[
$JKg3>[

83gD)J3K
3>	gJJ?	Y	KWJJ3J3KYKJ4W	KKKY	[
$	J3Kg3>	[

8gD)J3K
3>gJJ?	YKWJJ3JKYKKKY	[
$JKg3>[

8gD)J3K
3>gJJ?	YKWJJ3JKYK4KKY	[
$JKg3>[

3g	I?[
gD[
$g1.JE)JKK[
8
g4[
.84dd
g[
.8dd4
gJ4WK[

	


.8dd
gI[
.8d
g[

8gD)JK
3>gJJ?	YJKKWJJ3YKKKY	[
$JKg3>[

8,JK[
.$J3E$EbbK[
)[
.$J3E$	EbbK[
.$J3E$Eb3bK[
.$J3E$Eb$bK[
)88[
Jb1..,,,.)bK[
R3Jb3%&bK[
$3Jb3F%AY&bK[
Jb9bEbbEb	bEbbK[
8,J	K[
.$JE$K[
Jb1..,,,.).bK[
R3Jb.%&bK[
$3Jb3F%AY&bK[
nn,,,)
$g1.JE)J3KK[
8gD)J3K
?
	


3FgJ?YJJ?4?KWJ3JKKKKY	[
$JKg3F[

8,JK[
.$J3E$K[
Jb1..,,,,)bK[
R3Jb3%&bK[
$3Jb3F%AY&bK[
F )	&/	/
5,3A1
[
.[
[
nn.
n).$$$'.,)$3$
n,21),),,'11$'1),E
n.'.,$,$)
nn.$
)g44	4I[n-.[UW.I
g	??9?	[n$)..,,[.I
.g%444?&[n)..8
Rg%?4?9??9	??&[n)..R
3g	I?[n[
g[n1.)[
$$g4[n,.8,
:3g4[n3$)..,[3Y.
A:gI[n)$3.

	


nn$$
$gY3[n8
8-g.JKWJRJKK[n,,.
.gJJ	WA:KKYJIK[n8.),
-gJ.W8-W:3W)W$KY$$[n$.$
-gJ$$W-KYJ.JKWJRJKKK[n'$$
:3gJW$$KYJ.W.JKWJ	RJKKW)W$K[
nn1..))..1.
$g1.JEK[
$	g1.JEK[
$g1.JEK[
$g1.JEK[
8gD
8-gWJ.JKWJRJKKK[
$JKg8-[

8gD
8-	gWJ.J	KWJRJ	KKK[
$	JKg8-	[

8gD
8-gWJ.JKWJRJKKK[
$JKg8-[

8gD
8-gWJ.JKWJRJKKK[


	


$JKg8-[

8,JK
RgD[
JRE$EbbK[
)[
JRE$	EbbK[
JRE$Eb3bK[
JRE$Eb$bK[
)88[
Jb1..,,,.1.bK[
R3Jb%&bK[
$3Jb8-%A&bK[
JbmbEb	mbEbmbEbmbK[
nn1..$.)$,1.
$	g1.JEK[
$		g1.JEK[
$	g1.JEK[
$	g1.JEK[
8gD
-gWJJ.W.JKWJRJKKW:3W)W$KY$$K[
$	JKg-[

8gD
-	gWJJ.W.J	KWJRJ	KKW:3W)W$KY$$K[
$		JKg-	[

8gD
	
	


-gWJJ.W.JKWJRJKKW:3W)W$KY$$K[
$	JKg-[

8gD
-gWJJ.W.JKWJRJKKW:3W)W$KY$$K[
$	JKg-[

8,J	K[
JRE$	EbbK[
)[
JRE$		EbbK[
JRE$	Eb3bK[
JRE$	Eb$bK[
)88[
Jb1..$.)$,1.bK[
R3Jb%&bK[
$3Jb-%A&bK[
JbmbEb	mbEbmbEbmbK[
nn1..$.)$,3$).
:3gDD4[
$gJD)J:3KK[
$	gJD)J:3KK[
$gJD)J:3KK[
$gJD)J:3KK[
8gD)J:3K
-gWJJ.W.JKWJRJKKW:3JKW)W$KY$$K[
$JKg-[


	


8gD)J:3K
-	gWJJ.W.J	KWJRJ	KKW:3JKW)W$KY$$K[
$	JKg-	[

8gD)J:3K
-gWJJ.W.JKWJRJKKW:3JKW)W$KY$$K[
$JKg-[

8gD)J:3K
-gWJJ.W.JKWJRJKKW:3JKW)W$KY$$K[
$JKg-[

8,JK[
.RJ:3E$EbbK[
)[
.RJ:3E$	EbbK[
.RJ:3E$Eb3bK[
.RJ:3E$Eb$bK[
)88[
Jb1..$.)$,3$).bK[
R3Jb:3%3Y.&bK[
$3Jb-%A&bK[
JbmbEb	mbEbmbEbmbK[
nn1..')$,,.8,
-g[
$g1.JEK[
$	g1.JEK[
$g1.JEK[
$g1.JEK[

	


8$$gD
-gWJJ$$W-KYJ.JKWJRJKKKK[
$J$$Kg-[

8$$gD
-gWJJ$$W-KYJ.J	KWJRJ	KKKK[
$	J$$Kg-[

8$$gD
-gWJJ$$W-KYJ.JKWJRJKKKK[
$J$$Kg-[

8$$gD
-gWJJ$$W-KYJ.JKWJRJKKKK[
$J$$Kg-[

8,JK[
RgD[
JRE$EbbK[
)[
JRE$	EbbK[
JRE$Eb3bK[
JRE$Eb$bK[
)88[
Jb1..')$,,.8,bK[
R3Jb88,%n&bK[
$3Jb-%A&bK[
JbmbEb	mbEbmbEbmbK[

	


nn1..')$,1.
$g1.JEK[
$	g1.JEK[
$g1.JEK[
$g1.JEK[
8gD
-gWJJ$$W-KYJ.JKWJRJKKKK[
$JKg-[

8gD
-gWJJ$$W-KYJ.J	KWJRJ	KKKK[
$	JKg-[

8gD
-gWJJ$$W-KYJ.JKWJRJKKKK[
$JKg-[

8gD
-gWJJ$$W-KYJ.JKWJRJKKKK[
$JKg-[

8,JK[
JRE$EbbK[
)[
JRE$	EbbK[
JRE$Eb3bK[
JRE$Eb$bK[
)88[
4
	


Jb1..')$,1.bK[
R3Jb%&bK[
$3Jb-%A&bK[
JbmbEb	mbEbmbEbmbK[
nn1..3$).$.$,
$4g1.JEK[
$4	g1.JEK[
$4g1.JEK[
$4g1.JEK[
8-gD
:3gJ-W$$KYJ.W.JKWJRJKKW)W$K[
$4J-Kg:3[

8-	gD
:3	gJ-	W$$KYJ.W.J	KWJRJ	KKW)W$K[
$4	J-	Kg:3	[

8-gD
:3gJ-W$$KYJ.W.JKWJRJKKW)W$K[
$4J-Kg:3[

8-gD
:3gJ-W$$KYJ.W.JKWJRJKKW)W$K[
$4J-Kg:3[

R4gD[
8,J4K[
9
	


.$JR4E$4EbbK[
)[
.$JR4E$4	EbbK[
.$JR4E$4Eb3bK[
.$JR4E$4Eb$bK[
)88[
Jb1..3$).$.$,bK[
R3Jb-%O&bK[
$3Jb:3%3Y.&bK[
JbmbEb	mbEbmbEbmbK[

